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Abstract 

Background: The aim of the present study was to compare the trends in participation, performance and age of 
finishers in 'Badwater' and 'Spartathlon' as two of the toughest ultramarathons in the world of more than 200 km of 
distance. 

Methods: Running speed and age of male and female finishers in Badwater and Spartathlon were analyzed from 
2000 to 2012. Age of peak performance and sex difference in running speed were investigated during the studied 
period. 

Results: The number of female and male finishes increased in Badwater and Spartathlon. Women accounted on 
average for 21.5% ± 6.9% in Badwater and 10.8% ± 2.3% in Spartathlon. There was a significant increase in female 
participation in Badwater from 18.4% to 19.1% (p < 0.01) and in Spartathlon from 1 1.9% to 12.5% (p = 0.02). In men, 
the age of finishers was higher in Badwater (46.5 ± 9.3 years) compared to Spartathlon (44.8 ± 8.2 years) (p < 0.01). 
The age of female finishers of both races was similar with 43.0 ± 7.5 years in Badwater and 44.5 ± 7.8 years in 
Spartathlon (p > 0.05). Over the years, the age of the annual five fastest men decreased in Badwater from 42.4 ± 4.2 
to 39.8 ± 5.7 years (p < 0.05). For women, the age remained unchanged at 42.3 ± 3.8 years in Badwater (p > 0.05). 
In Spartathlon, the age was unchanged at 39.7 ± 2.4 years for men and 44.6 ± 3.2 years for women (p > 0.05). In 
Badwater, women and men became faster over the years. The running speed increased from 7.9 ± 0.7 to 8.7 ± 0.6 
km/h (p < 0.01) in men and from 5.4 ± 1.1 to 6.6 ± 0.5 km/h (p < 0.01) in women. The sex difference in running 
speed remained unchanged at 19.8% ± 4.8% (p > 0.05). In Spartathlon, the running speed was stable over time at 
10.8 ± 0.7 km/h for men and 8.7 ± 0.5 km/h for women (p > 0.05). The sex difference remained unchanged at 
19.6% ± 2.5% (p > 0.05). 

Conclusions: These results suggest that for both Badwater and Spartathlon, (a) female participation increased, 
(b) the fastest finishers were approximately 40 to 45 years, and (c) the sex difference was at approximately 20%. 
Women will not outrun men in both Badwater and Spartathlon races. Master ultramarathoners can achieve a high 
level of performance in ultramarathons greater than 200 km under extreme conditions. 
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Background 

In the past two decades, the field of ultra-endurance 
events defined as performance exceeding 6 h [1] has 
widened to a new arena in the sport of long-distance 
performances in particular ultra-running [2-4] and ultra- 
triathlon [5-7]. Today, more than a hundred thousand of 
ultramarathoners compete in more than a thousand 
races held annually around the world [8]. 

In recent years, the growth of ultra-endurance sports 
has drawn increased attention to investigate participa- 
tion and performance trends [2,9,10]. A major focus of 
research in endurance sports was the sex difference in 
performance [11]. In the analysis of the worlds best 
times of female marathoners from 1980 to 1996, women 
were approximately 11% slower than men, although 
there was initially a considerable improvement in female 
running speed in the 1980s [12]. A similar sex difference 
for running speed has been found when running times 
between 100 m and 200 km were compared. Women 
were generally running approximately 12.4% slower than 
men [13]. In 160-km ultramarathons, the performance 
of the fastest women remained approximately 20% 
slower than that of the fastest men after an initial im- 
provement relative to men throughout the 1980s [2]. In 
the shorter 100-km distance in the 100 km Lauf Bier, 
the running times of the annual top ten finishers 
remained stable from 1998 to 2010 for women, while 
running times significantly increased for the annual top 
ten men [10]. The trend in sex difference was narrowing 
over time and averaged to 22% [10]. 

In both endurance and ultra-endurance events, a high- 
level performance seemed to be maintained until the age 
of 30 to 40 years, followed by a modest decrease until 
the age of 50 to 60 years, with a progressively acceler- 
ated decline after the age of 70 to 75 years [14-22]. The 
study of Hoffman [9] showed that peak running speed of 
the top performers in a 161 -km ultramarathon was 
achieved by athletes in the age of upper 30 to 40 years. 
These results suggested an age shift into higher age in elite 
ultramarathon running in comparison with elite marathon 
running, where the fastest running speed were achieved 
by athletes of approximately 30 years of age [19]. 

Among the ultra-running events, the 'Badwater' [23] 
in the USA and the 'Spartathlon [24] in Greece, Europe 
are recognized as two of the toughest running events 
worldwide. The common feature of both nonstop races 
is the distance of more than 200 km. The Badwater is 
characterized by its environmental conditions with ex- 
treme high temperatures and large altitude differences 
to overcome, while the Spartathlon is well known for its 
cut-off regulations with strict time limitations, apart 
from its unique historical background. To date, no study 
investigated the participation and running speed of female 
and male ultramarathoners competing in races longer 



than 200 km under extreme conditions such as heat and 
time limit. Therefore, the aims of the present study were 
to investigate (1) participation and performance trends 
and (2) the age of peak running speed in ultramarathons 
of more than 200-km race distance. Based upon present 
findings, we hypothesized (1) an increase in participation 
and an improvement in performance and (2) an age of 
peak ultramarathon performance between 30 and 40 years. 

Methods 

The data set for this study was obtained from the race 
websites of Badwater [23] and Spartathlon [24]. Running 
speed and age of all female and male finishers in Badwater 
and Spartathlon between 2000 and 2012 were analyzed. 
The study was approved by the Institutional Review Board 
of St. G alien, Switzerland, with waiver of the requirement 
for informed consent given that the study involved the 
analysis of publicly available data. 

Badwater 

The event was established as an official foot race in 1987 
with five successful US participants. Since 1989, the race 
starts at Badwater, the lowest elevation in the Western 
Hemisphere at 85 m below sea level and finishes at the 
Mt. Whitney Portals at nearly 2,530 m. Badwater covers 
a total distance of 217 km (135 miles) of highway non- 
stop across the Death Valley in California, USA. The 
course includes a total of 3,962 m of cumulative vertical 
ascent and 1,433 m of cumulative descent. During the 
race in Death Valley in mid-July, the average daily high 
temperature reaches 46.9°C, and temperatures over 50°C 
are common [25]. No aid stations are provided along the 
Badwater course, so runners rely on their own support 
crew to pass across the Death Valley. The number of 
participants is limited to 90 competitors. 

Spartathlon 

The Spartathlon starting in 1982 is a nonstop foot race 
covering a total distance of 246 km (152 miles) from 
Athens to Sparta in Greece, Europe. Since 1983, the race 
has been continuously held each September. The course 
includes elevations which range from sea level to 1,200 
m. The cumulative gain of elevations is approximately 
1,650 m and the route runs on tarmac road, trail, or 
mountain footpath. The weather conditions during the 
race are typically changing between warm temperatures 
with about 27°C during the day and cold temperatures 
with about 5°C during the night. Aid stations are placed 
every 3 to 5 km, providing competitors with water and 
food. Each of the 75 race control points has its own time 
limitations and runners arriving later than the official 
closing time will be eliminated from the race. Nowadays, 
the number of applicants for the Spartathlon exceeds 
the limit of 350. 
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Data analysis 

Due to overall low participation and partially missing 
data in earlier years, only data between 2000 and 2012 
were included for data analysis. In order to increase 
comparability of data, running times were converted to 
running speed prior to analysis. Converting was done 
using the equation running speed (km/h) = running dis- 
tance (km) / running time (h). The changes in the per- 
formance and in the age of peak performance across years 
for both men and women were analyzed by examining the 
running speed and age of the annual top five female and 
male finishers from 2000 to 2012. The sex difference in 
performance between women and men was calculated 
using the equation sex difference (%) = [running speed in 
women (km/h) - running speed in men (km/h)] / running 
speed in men (km/h) x 100. 

Statistical analysis 

In order to increase the reliability of the data analyses, 
each set of data was tested for normal distribution and 
for homogeneity of variances prior to statistical analyses. 
Normal distribution was tested using a DAgostino and 
Pearson omnibus normality test, and homogeneity of 
variances was tested using a Levene s test in case of two 
groups and with a Bartletts test in case of more than 
two groups. To find the significant changes in the devel- 
opment of a variable across the years, linear regression 
was used. To find significant differences between two 
groups, a Students t test was used in case of normal dis- 
tributed data with additional Welch's correction in case 
of significantly different variances between the analyzed 
groups and a Mann- Whitney test was used in case of not 
normal distributed data. To compare performance of men 
and women between the two races, a year-by-year analysis 
was performed using a two-way-analysis of variance with 
subsequent Bonferroni post hoc analysis. Also the inter- 
action between the type of competition and time (years) 
on performance in genders was analyzed using a two-way- 
ANOVA (competition x time). Statistical analyses were 
performed using IBM SPSS Statistics (Version 19, IBM 
SPSS, Chicago, IL, USA) and GraphPad Prism (Version 5, 
GraphPad Software, La Jolla, CA, USA). Significance was 
accepted at p < 0.05 (two-sided for t tests). Data in the text 
are given as mean ± standard deviation or SD. 

Results 

Between 2000 and 2012, data were available from 663 
men and 183 women finishing Badwater and from 1,157 
men and 141 women finishing Spartathlon. 

Participation trends 

During the 13-year period, the annual overall percent 
finishes averaged 79% (ranging from 62% to 93%) for 
Badwater and 43% (ranging from 39% to 50%) for 



Spartathlon. Between 2000 and 2012, the number of 
both female and male finishes increased in both 
Badwater (Figure 1A) and Spartathlon (Figure IB). A 
mean of 51 ± 11 men finished annually in Badwater and 
89 ± 23 men in Spartathlon. In women, the mean num- 
ber of annual finishers was on average 14 ± 5 athletes in 
Badwater and 11 ± 4 in Spartathlon. There was a signifi- 
cant increase in female participation in Badwater from 
18.4% to 19.1% (maximum of 30.9% in 2011) and in 
Spartathlon from 11.9% to 12.5% (maximum of 14.5% in 
2007). Women accounted on average for 21.5% ± 6.9% 
in Badwater and 10.8% ± 2.3% in Spartathlon of the 
overall finishes. 

Age of finishers in Badwater and Spartathlon 

In men, the mean age of all finishers was higher in 
Badwater (46.5 ± 9.3 years) compared to Spartathlon 
(44.8 ± 8.2 years) (p < 0.01). The mean age of female 
finishers in both races was similar with 43.0 ± 7.5 years 
in Badwater and 44.5 ± 7.8 years in Spartathlon (p > 0.05). 

The age distribution of finishers is presented in Figure 2 
for Badwater (Figure 2A) and Spartathlon (Figure 2B). In 
men, the largest participation was in athletes in the age 
group of 45 to 49 years in both races. For women, the 
largest participation was in age groups of 40 to 44 and 
45 to 49 years in Badwater; while in Spartathlon, the 
largest participation was in the age group of 50 to 54 
years. Master athletes (>40 years of age) represented 
76% (642/846) of the total field in Badwater and 71% 
(899/1,262) in Spartathlon. 

Over the years, the age of the annual five fastest men 
decreased in Badwater from 42.4 ± 4.2 years in 2002 to 
39.8 ± 5.7 years in 2012 (Figure 3A). For women, the 
mean age of the annual five fastest finishers remained un- 
changed at 42.3 ± 3.8 years in Badwater. In Spartathlon 
(Figure 3B), the age of the annual five fastest finishers was 
unchanged at 39.7 ± 2.4 years for men and 44.6 ± 3.2 years 
for women. 

Running speed of the annual top five finishers 

Regarding the annual top five finishers, the mean 
running speed was lower in Badwater compared to 
Spartathlon (p < 0.001). In Badwater, both women and 
men became faster over years (Figure 4A). Running 
speed in men increased from 7.9 ± 0.7 km/h in 2000 to 
8.7 ± 0.6 km/h in 2012. In women, running speed in- 
creased from 5.4 ± 1.1 km/h to 6.6 ± 0.5 km/h. The sex 
difference in running speed remained stable at 19.8% ± 
4.8%. In Spartathlon running speed remained unchanged 
at 10.8 ± 0.7 km/h for men and 8.7 ± 0.5 km/h for women 
(Figure 4B). The sex difference in running speed remained 
unaltered at 19.6% ± 2.5%. 

The running speed of the annual top five finishers was 
significantly (p < 0.01) faster in Spartathlon compared to 
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Figure 1 Annual number of female, male and overall finishes in Badwater (A) and Spartathlon (B). 



Badwater for women and men, with the exception of 2011 
in women (Figure 5A) and 2012 in men (Figure 5B). The 
analysis of interaction between type of competition and 
time (years) on running speed showed for women a highly 
significant (F = 4.1; p < 0.01) interaction between type of 
competition and time accounting for 7.8% of the total 
variance, whereas the type of competition accounted for 
69.2% (F = 436; p < 0.01) and time accounted for 6.7% 
(F = 3.5; p < 0.01) of the total variance. In men, the 



interaction between the type of competition and time 
accounted for 9.9% of the total variance (F = 7.4; p < 0.01), 
whereas type of competition accounted for 71.6% (F = 
642.1; p < 0.01) and time accounted for 7.0% (F = 5.2; 
p < 0.01) of the total variance. 

Discussion 

This study intended to investigate participation and per- 
formance trends and to determine the age of peak 
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running speed in ultramarathons of more than 200-km 
race distance. Based upon existing literature, an increase 
in participation, an improvement in performance, and 
an age of peak ultramarathon performance between 30 
and 40 years were hypothesized. The main findings for 
both races were that (1) the female participation increased 
over time, (2) the fastest finishers were approximately 40 



to 45 years of age, and (3) the sex difference was at 
approximately 20% unchanged over years. 

Participation trends 

Concerning the total numbers of finishes over the history, 
it appears reasonable that in Badwater considerably fewer 
athletes competed since the qualifying standards were 
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Figure 3 Age of the annual top five women and men in Badwater (A) and Spartathlon (B). 



higher [23] than in Spartathlon [24]. Another limiting fac- 
tor may be attributed to the greater financial expenses to 
participate in the Badwater because there are high add- 
itional costs for logistics and the necessity of a supporting 
team [23]. Across the history of Badwater race, the annual 
percentage of finishes averaged to 79% versus 43% in 
the Spartathlon. This relative low percentage of finishes 
in the Spartathlon may reflect the extraordinary de- 
mands on running speed due to rigorous cut-off limits 
in the Spartathlon. 



Regarding the sex-specific participation, female ultra- 
marathoners accounted on average for approximately 22% 
in Badwater versus approximately 11% in Spartathlon. 
Since women were generally slower in ultramarathon run- 
ning than men [2-4], the cut-off limits in the Spartathlon 
could have a greater influence on women for a successful 
finish. Present findings were in accordance with other 
studies regarding the fact of a relatively low female partici- 
pation in ultramarathon in comparison to shorter running 
events such as a marathon [3,4,9,10]. For instance, in the 
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100 km Lauf Biel in Switzerland, female participation was 
at approximately 13%. Hoffman reported a female partici- 
pation of approximately 20 to 22% in 161 -km ultramara- 
thon events held in North America, which comes close to 
the female participation in Badwater. Men are over- 
represented in sports [26]. Generally, men were running 
faster than women [27], and the sex difference in relative 
performance can partially be attributed to mens greater 
training motivation [26]. The motivation to train and 
compete seems different between women and men. The 



most popular modern male sports require the skills 
needed for success in male-male physical competition 
[28]. In contrast, female ultramarathoners were described 
as task-oriented, internally motivated, healthy, and finan- 
cially conscious individuals [29]. 

The three five-year age groups between 40 and 54 years 
accounted for the largest participation regardless of sex 
and race location. This age-related finding, together with 
the fact of numerous finishes from athletes aged 40 years 
and older in Badwater (76%) and in Spartathlon (71%), is 
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comparable with the results of other studies investigating 
the age distribution in ultra-running events [4,9,10]. Our 
data may reflect a lifestyle trend in sports activities to- 
wards ultramarathon. Younger athletes are increasingly 
more attracted by technical sports with higher intensity 



[10,30,31]. The higher participation of elderly athletes may 
be due to social and psychological factors such as spare 
time resources connected with an increase in the com- 
petitive spirit [32]. Hoffman and Fogard [4] described 
161-km ultramarathoners as master runners at a mean 
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age of 44.5 ± 9.8 years with a range between 20 and 72 
years. These runners were generally men (80.2%), married 
(70.1%), and had higher education with bachelors (43.6%) 
or graduate (37.2%) degrees. A further reason for the high 
percentage of older finishers across the studied history of 
both races could be related to the logistic demands, par- 
ticularly of Badwater. The extraordinary distance over 200 
km of both events may require an enormous volume of 
training over years. In ultramarathoners, previous experi- 
ence is of importance for a successful race outcome [5]. 

Performance trends 

The present study adds valuable results considering the 
change in demographic aspects of participation and per- 
formance in two extraordinary strenuous ultramarathons 
of more than 200 km in length. The improvement in 
running speed in Badwater might be attributed to a pro- 
gress in the supporting teams and to an accumulation of 
pre-race experience [33,34]. The increase in the number 
of competitors and finishers might reflect that faster and 
more experienced runners enter this race [35-37] . 

In Spartathlon, however, athletes were not able to im- 
prove running speed. The stable running speeds in 
Spartathlon over the same time span could be attributed 
to the character of this race which is more a pure run- 
ning event and has not to rely so much on external sup- 
port in comparison to the Badwater [23]. Analyses of 
Hoffman and Wegelin [9] and Knechtle et al. [10] could 
not detect a clear improving or declining performance 
trend for the top ultramarathoners in terms of running 
speeds. Concerning Badwater, our data give a different 
impression due to a significant improvement of race 
speed regardless of sex. On the whole, independent of 
sex, considerably faster running speeds were achieved by 
the annual top five finishers in Spartathlon in compari- 
son to the annual top five runners in Badwater. Different 
speed levels reflect the different physical demands of ei- 
ther race. Interestingly, in 2011 the running speeds in 
women narrowed. One possible explanation for this find- 
ing could be a lower top five elite field in the Spartathlon 
in that year. Further adverse race conditions may slow 
down women running speed in the Spartathlon in 2011. 

Sex difference in ultra-running performance 

In both Badwater and Spartathlon, the sex difference in 
running performance was at approximately 20%. Gener- 
ally, the sex difference in endurance performance is at 
approximately 11 to 12% [12,13]. The analysis of world 
best times in 1,500 m and marathon running from 1980 
to 1996 revealed that men were approximately 11% 
faster than women [12]. In a further widespread investi- 
gation of running distances between 100 m and 200 km, 
men were approximately 12% faster compared to women 
accompanied by the tendency that longer distances were 



associated with greater sex differences in endurance 
performance [13]. 

Regarding the sex difference in elite ultramarathon 
running, our data are in accordance with the previous 
studies. Hoffman [2] reported for 161-km ultramara- 
thoners that the fastest women were approximately 20% 
slower than the fastest men. In a comparable race, the 
100 km Lauf Biel in Switzerland, the top ten women 
were approximately 22% slower than the top ten men 
[10]. In the current discussion about sex difference in ul- 
tramarathon running, exceptional findings do exist 
supporting the assumption that women could outper- 
form men in ultra-endurance sports. For instances, Bam 
et al. [38] compared long-distance performances in both 
men and women and observed that men were faster over 
distances up to marathon, but this was not evident in a 
90-km ultramarathon. Also Knechtle et al. [39] described 
a female overall winner in a multi-stage ultramarathon. 

Looking upon the sex-related running speed differ- 
ence between the top elite runners over the 2000 to 
2012 period, it is notable that in the 2002 and 2003 
Badwater races, the sex difference in top five running 
speed was close to zero. Moreover, female winners even 
outperformed male winners in these years. In 2003, the 
hottest climate conditions have ever been registered in 
Death Valley with the highest drop off rate of 37% was 
published for this year [23]. Thus, these results from 
2002 to 2003 appeared to reflect a possible better 
coping against heat among women. Jacob et al. [40] 
reported that increasing ambient temperatures had less 
adverse effects on running speed for women than for 
men in 161-km ultramarathons. Our findings do under- 
line the assumption that top running speed of women 
does not converge with or even surpass those of men 
apart from exceptional women top running speed as 
seen in the Badwater in 2002 and 2003. 

The higher sex difference in performance in these ultra- 
marathoners might be explained by differences in anthro- 
pometry, physiology, training, and motivation between 
women and men. Ultramarathon running leads to a de- 
crease in skeletal muscle mass [41]. Since male ultramara- 
thoners [42] have a higher skeletal muscle mass compared 
to female ultramarathoners [43], the lower muscle mass in 
women might be a limiting factor for ultramarathon per- 
formance. However, physiology still plays an inevitable roll 
that sex differences probably will continue in the future. 
Sex difference in performance is considered due primarily 
to inherent gender-specific differences in body composition 
and oxygen transport capacity [12,44-46]. Considering 
training and motivation, female and male ultra-endurance 
athletes were trained for about the same weekly hours, but 
men were training faster than women [47,48]. Further- 
more, men pay closer attention to male sports than women 
do and male champion athletes obtain a higher status [28]. 



da Fonseca-Engelhardt et al. Extreme Physiology & Medicine 2013, 2:15 
http://www.extremephysiolmed.eom/content/2/1/15 



Page 10 of 11 



The age of peak ultra-running performance 

From 2000 to 2012, for both men and women, the age 
of the annual top five finishers remained at 39 to 45 
years in Badwater and Spartathlon. Women achieved 
their peak running speed at higher age than men in ei- 
ther event. Our data were comparable with other studies 
in ultramarathon running events. By investigating the 
top ten runners in the 100 km Lauf Biel, the age of the 
best performance was found at approximately 39 to 40 
years [10]. Across the history of the 161 -km 'Western 
State Endurance Run' in North America, the average age 
of the top five finishers gradually increased from the 
early 30s to the upper 30s [9]. 

Furthermore, existing literature and our findings suggest 
that with the increasing length of running events, athletes 
achieved their peak of running speed at higher age than in 
shorter running events [9,49,50]. The analysis of the 'New 
York City Marathon [51] documented that among the top 
fifty performers, no runner was older than 39 years inde- 
pendent of gender. The present data of Badwater and 
Spartathlon are also consistent with the findings of Schulz 
and Curnow [50], reporting a relationship between the age 
of peak performance and specific events already in the 
1980s. Taken as a whole, the present and previous findings 
[9,10] evidenced that among the top ultramarathon, elite 
runners were master athletes defined as participants older 
than 35 years of age [52]. Usually, however, these older 
athletes are considered to have either finished their formal 
competitive careers, to be weekend warriors' who sporad- 
ically train and compete, or to have start again dynamic 
exercises after a long time span of physical inactivity [53] . 
Thus, present and other findings appear to suggest that 
the definition of master runners need to be revised for 
ultramarathoners. 

Limitations 

This cross-sectional data analysis is limited since aspects 
such as anthropometry [35-37], the physiology [54,55], 
and the training [35-37] of the runners, their previous 
experience [34-37], their pacing strategy [56], the envir- 
onmental conditions [57], and both nutrition [58-60] 
and fluid intake [61,62] were not considered. 

Conclusions 

To summarize, female participation increased in ultra- 
marathons of more than 200 km such as Badwater and 
Spartathlon; the fastest finishers were approximately 40 to 
45 years of age, and the sex difference was at approxi- 
mately 20%. These results suggest that women will not 
outrun men in the near future in ultramarathons of 
greater than 200 km in length such as Badwater and 
Spartathlon. Master ultramarathoners can achieve high 
level of performance in ultramarathons greater than 200 
km under extreme conditions such as heat and time limit. 



Apart from the influence of other limiting factors on the 
running speed in ultramarathon such as physiological and 
anthropometric characteristics, further studies need to in- 
vestigate what motivates female and male master ultramar- 
athoners to compete in these extreme races. The definition 
of master runners as athletes aged 35 years and older 
needs to be revised for ultramarathoners competing in 
races of greater than 200 km. Future studies need to inves- 
tigate the age of peak ultramarathon performance in lon- 
ger running distances. 

Availability of supporting data 

The data sets supporting the results of this article are avail- 
able in http://spartathlon.gr/ and http://badwater.com/. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

KFE drafted the manuscript. BK participated in the conception and design of 
the study, helped to draft the manuscript, and participated in the analysis 
and interpretation of data. CAR performed the analysis of data and 
participated in the interpretation of data. PK helped in the acquisition of 
data. RL and TR performed the interpretation of data and manuscript 
preparation. All authors read and approved the final manuscript. 

Acknowledgments 

We thank Matthias Knechtle for his help in the translation. 
Author details 

institute of General Practice and for Health Services Research, University of 
Zurich, Zurich 8091, Switzerland. 2 Gesundheitszentrum St. Gallen, St. Gallen 
9000, Switzerland. 3 INSERM U1093, Faculty of Sport Sciences, University of 
Burgundy, Dijon 21078Cedex, France. 4 Facharzt FMH fur Allgemeinmedizin, 
Gesundheitszentrum St. Gallen, Vadianstrasse 26, St. Gallen 9001, Switzerland. 

Received: 18 October 2012 Accepted: 4 February 2013 
Published: 1 May 2013 

References 

1. Zaryski C, Smith DJ: Training principles and issues for ultra-endurance 
athletes. Curr Sports Med Rep 2005, 43:165-170. 

2. Hoffman MD: Performance trends in 161 -km ultramarathons. Int J Sports 
Med 2010,31:31-37. 

3. Hoffman MD, Ong JC, Wang G: Historical analysis of participation in 

161 -km ultramarathons in North America. Int J Hist Sport 2010, 27:1877-1891. 

4. Hoffman MD, Fogard K: Demographic characteristics of 161 -km 
ultramarathon runners. Res Sports Med 2012, 20:59-69. 

5. Knechtle B, Knechtle P, Rosemann T, Lepers R: Predictor variables for a 
100-km race time in male ultra-marathoners. Percept Mot Skill 2010, 
111:681-693. 

6. Lepers R: Analysis of Hawaii Ironman performance in elite triathletes 
from 1981 to 2007. Med Sci Sports Exerc 2008, 40:1828-1834. 

7. Lepers R, Sultana F, Thierry B, Hausswirth C, Brisswalter J: Age-related 
changes in triathlon performance. Int J Sports Med 2010, 31:251-256. 

8. IAU Ultra Marathon: http://iau-ultramarathon.org. 

9. Hoffman MD, Wegelin JA: The western states 100-mile endurance run: 
participation and performance trends. Med Sci Sports Exerc 2009, 
41:2191-2198. 

10. Knechtle B, Rust CA, Rosemann T, Lepers R: Age-related changes in 100- 
km ultra-marathon running performance. Age 2012, 34:1033-1045. 

11. Lepers R, Maffiuletti NA: Age and gender interactions in ultraendurance 
performance: insight from the triathlon. Med Sci Sports Exerc 201 1, 

43:134-139. 

12. Sparling PB, O'D EM, Snow TK: The gender difference in distance running 
performance has plateaued: an analysis of world rankings from 1980 to 
1 996. Med Sci Sports Exerc 1 998, 30:1 725-1 729. 



da Fonseca-Engelhardt et al. Extreme Physiology & Medicine 2013, 2:15 
http://www.extremephysiolmed.eom/content/2/1/15 



Page 1 1 of 1 1 



1 3. Coast JR, Blevins JS, Wilson BA: Do gender differences in running 
performance disappear with distance? Can J Appl Physiol 2004, 29:139-145. 

14. Baker AB, Tang YQ, Turner MJ: Percentage decline in masters superathlete 
track and field performance with aging. Exp Aging Res 2003, 29:47-65. 

15. Balmer J, Bird S, Davison R: Indoor 16.1 -km time-trial performance in 
cyclists aged 25-63 years. J Sports Sci 2008, 26:57-62. 

16. Donato AJ, Tench K, Glueck DH, Seals DR, Eskurza I, Tanaka H: Declines in 
physiological functional capacity with age: a longitudinal study in peak 
swimming performance. J Appl Physiol 2003, 94:764-769. 

17. Fleg JL, Lakatta EG: Role of muscle loss in the age-associated reduction in 
V0 2 max. J Appl Physiol 1 988, 65:1 147-1 151. 

18. Fuchi T, Iwaoka K, Higuchi M, Kobayashi S: Cardiovascular changes 
associated with decreased aerobic capacity and aging in long-distance 
runners. Eur J Appl Physiol 1989, 58:884-889. 

19. Hunter SK, Stevens AA, Magennis K, Skelton KW, Fauth M: Is there a sex 
difference in the age of elite marathon runners? Med Sci Sports Exerc 
2011,443:656-664. 

20. Leyk D, Erley O, Ridder D, Leurs M, Ruther T, Wunderlich M, Sievert A, Baum 
K, Essfeld D: Age-related changes in marathon and half-marathon 
performances. Int J Sports Med 2007, 28:51 3-527. 

21 . Leyk D, Erley 0, Gorge W, Ridder D, Ruther T, Wunderlich M, Sievert A, 
Essfeld D, Pierkarski C, Erren T: Performance, training and lifestyle 
parameters of marathon runners aged 20-80 years: result of the PACE- 
study. Int J Sports Med 2009, 30:360-365. 

22. Tanaka H, Seals DR: Invited review: dynamic exercise performance in 
master athletes: insight into effects of primary human aging on 
physiological function capacity. J Appl Physiol 2003, 95:2152-2162. 

23. Adventure CORPS Presents the Badwater Ultramarathon Official Website. 
http://badwater.com. 

24. inAPTAQAON: http://spartathlon.gr. 

25. Western U.S. Climate Historical Summaries Weather: Desert Research Institute: 
[http://wrcc.dri.edu/cgi-bin/cliMAIN.pl7ca2319]. Retrieved 29 May 2009. 

26. Deaner RO: Distance running as an ideal domain for showing a sex difference 
in competitiveness. Arch Sex Behav 201 2, doi:1 0.1 007/s1 0508-01 2-9965-z. 

27. Deaner RO, Mitchell D: More men run relatively fast in U.S. road races, 
1981-2006: a stable sex difference in non-elite runners. Evol Psychol 201 1, 
9:600-621. 

28. Lombardo MP: On the evolution of sport. Evol Psychol 201 2, 1 0:1 -28. 

29. Krouse RZ, Ransdell LB, Lucas SM, Pritchard ME: Motivation, goal 
orientation, coaching, and training habits of women ultrarunners. 
J Strength Cond Res 201 1, 25:2835-2842. 

30. Baker AB, Tang YQ: Aging performance for masters records in athletics, 
swimming, rowing, cycling, triathlon and weightlifting. Exp Aging Res 

2010, 36:453-477. 

31. Bernard T, Sultana F, Lepers R, Hausswirth C, Brisswalter J: Age related 
decline in Olympic triathlon performance: effect of locomotion mode. 
Exp Aging Res 2010, 36:64-78. 

32. Lepers R, Cattagni T: Do older athletes reach limits in their performance 
during marathon running? Age (Dordr) 2012, 34:773-781. 

33. Knechtle B, Knechtle P, Lepers R: Participation and performance trends in 
ultra-triathlons from 1 985 to 2009. Scand J Med Sci Sports 201 1 , 21 :e82-e90. 

34. Knechtle B, Knechtle P, Rosemann T, Senn O: Personal best time, not 
anthropometry or training volume, is associated with total race time in a 
Triple Iron triathlon. J Strength Cond Res 201 1, 25:1 142-1 150. 

35. Knechtle B, Knechtle P, Rosemann T, Senn O: What is associated with race 
performance in male 100-km ultra-marathoners - anthropometry, 
training or marathon best time? J Sports Sci 201 1, 29:571-577. 

36. Knechtle B, Knechtle P, Rosemann T, Lepers R: Predictor variables for a 
100-km race time in male ultra-marathoners. Percept Mot Skills 2010, 
111:681-693. 

37. Knechtle B, Knechtle P, Rosemann T, Lepers R: Personal best marathon time 
and longest training run, not anthropometry, predict performance in 
recreational 24-hour ultrarunners. J Strength Cond Res 201 1 , 25:221 2-221 8. 

38. Bam J, Noakes TD, Juritz J, Dennis SC: Could women outrun men in 
ultramarathon races? Med Sci Sports Exerc 1997, 29:244-247. 

39. Knechtle B, Duff B, Schulze I, Kohler G: The effects of running 1,200 km 
within 17 days on body composition in a female ultrarunner - 
Deutschlandlauf 2007. Res Sports Med 2008, 16:167-188. 

40. Jacob A, Wegelin M, Hoffman MD: Variables associated with odds of 
finishing and finish time in a 161 -km ultramarathon. Eur J Appl Physiol 

2011, 111:145-153. 



41. Knechtle B, Knechtle P, Wirth A, Alexander Rust C, Rosemann T: A faster 
running speed is associated with a greater body weight loss in 100-km 
ultra-marathoners. J Sports Sci 2012, 30:1 131-1 140. 

42. Knechtle B, Senn O, Imoberdorf R, Joleska I, Wirth A, Knechtle P, Rosemann 
T: No fluid overload in male ultra-runners during a 100 km ultra-run. 
Res Sports Med 2011, 19:14-27. 

43. Knechtle B, Senn O, Imoberdorf R, Joleska I, Wirth A, Knechtle P, Rosemann 
T: Maintained total body water content and serum sodium 
concentrations despite body mass loss in female ultra-runners drinking 
ad libitum during a 100 km race. Asia Pac J Clin Nutr 2010, 19:83-90. 

44. Cureton KJ, Bishop P, Hutchinson P, Newland H, Vickery S, Zwiren L: Sex 
difference in maximal oxygen: effect of equating haemoglobin 
concentration. Eur J Appl Physiol 1 986, 54:656-660. 

45. Joyner MJ: Physiological limiting factors and distance running: influence of 
gender and age on record performances. Exerc Sport Sci Rev 1 993, 21:103—1 33. 

46. Sparling PB, Cureton KJ: Biological determinants of the sex difference in 
12-min run performance. Med Sci Sports Exerc 1983, 15:218-223. 

47. Knechtle B, Wirth A, Baumann B, Knechtle P, Rosemann T, Oliver S: 
Differential correlations between anthropometry, training volume, and 
performance in male and female Ironman triathletes. J Strength Cond Res 
2010, 24:2785-2793. 

48. Knechtle B, Wirth A, Baumann B, Knechtle P, Rosemann T: Personal best 
time, percent body fat, and training are differently associated with race 
time for male and female ironman triathletes. Res 0 Exerc Sport 2010, 
81:62-68. 

49. Lepers R, Rust CA, Stapley PJ, Knechtle B: Relative improvements in 
endurance with age: evidence from 25 years of Hawaii Ironman racing. 
Age (Dordr) 2012, doi:1 0.1 007/s1 1357-01 2-9392-z. 

50. Schulz R, Curnow C: Peak performance and age among superathletes: 
track and field, swimming, baseball, tennis and golf. J Gerontol 1988, 
43:113-120. 

51. Jokl P, Sethi PM, Cooper AJ: Master's performance in the New York City 
Marathon 1 983-1 999. Br J Sports Med 2004, 38:408-41 2. 

52. Reaburn P, Dascombe B: Endurance performance in masters athletes. 
Eur Rev Aging Phys Act 2008, 5:31-42. 

53. Maron BJ, Araujo CG, Thompson PD, Fletcher GF, de Luna AB, Fleg JL, 
Pelliccia A, Balady GJ, Furlanello F, Van Camp SP, Elosua R, Chaitman BR, 
Bazzarre TL: Recommendations for preparticipation screening and the 
assessment of cardiovascular diseases in masters athletes. Ore 2001, 
103:327-334. 

54. Davies CT, Thompson MW: Aerobic performance of female marathon and 
male ultramarathon athletes. Eur J Appl Physiol Occup Physiol 1 979, 41:233-245. 

55. Landman ZC, Landman GO, Fatehi P: Physiologic alterations and 
predictors of performance in a 160-km ultramarathon. Clin J Sport Med 
2012, 22:146-151. 

56. March DS, Vanderburgh PM, Titlebaum PJ, Hoops ML: Age, sex, and finish 
time as determinants of pacing in the marathon. J Strength Cond Res 
2011,25:386-391. 

57. Wegelin JA, Hoffman MD: Variables associated with odds of finishing and 
finish time in a 161 -km ultramarathon. Eur J Appl Physiol 2011, 111:145-153. 

58. Onywera VO, Kiplamai FK, Boit MK, Pitsiladis YP: Food and macronutrient 
intake of elite Kenyan distance runners. Int J Sport Nutr Exerc Metab 2004, 
14:709-719. 

59. Glace BW, Murphy CA, McHugh MP: Food intake and electrolyte status of 
ultramarathoners competing in extreme heat. J Am Coll Nutr 2002, 

21:553-559. 

60. Knechtle B, Knechtle P, Schulze I, Kohler G: Vitamins, minerals and race 
performance in ultra-endurance runners - Deutschlandlauf 2006. 

Asia Pac J Clin Nutr 2008, 1 7:1 94-1 98. 

61. Knechtle B, Knechtle P, Rosemann T: Low prevalence of exercise- 
associated hyponatremia in male 100-km ultra-marathon runners in 
Switzerland. Eur J Appl Physiol 201 1 , 111:1 007-1 01 6. 

62. Knechtle B, Knechtle P, Rosemann T: Do male 100-km ultra-marathoners 
overdrink? Int J Sports Physiol Perform 201 1, 6:195-207. 



doi:1 0.1 186/2046-7648-2-1 5 

Cite this article as: da Fonseca-Engelhardt et al.: Participation and 
performance trends in ultra-endurance running races under extreme 
conditions - 'Spartathlon' versus 'Badwater'. Extreme Physiology & Medicine 
2013 2:15. 



